Background: Chronic pelvic pain (CPP) affects 15-24% of women and can have a devastating impact on quality of life. Laparoscopy is often used in the investigation, although in one third of the examinations there is no visible pathology and the women may be dismissed without further investigation. Also, the contribution of skeletal, muscular, periosteal and ligamentous tissues to CPP remains to be further elucidated. The objective of the present study was to compare pain intensity provoked from anatomical landmarks of the intra-pelvic side-wall in women with pregnancy-related CPP after childbirth and women without such pain. Methods: This is a descriptive study of 36 non-randomly selected parous women with CPP after childbirth and 29 likewise selected parous women after childbirth without CPP. Pain was determined by questionnaire and clinical examination. The primary outcome measure was reported pain intensity provoked on 13 anatomical landmarks of the intra-pelvic side-wall. All women reported their perceived pain intensity for each anatomical landmark on Likert scales and an individual sum score was calculated. Results: Women with chronic pelvic pain were older than women without CPP. At several intra-pelvic landmarks high intensity pain was provoked in women with CPP compared with less intense pain provoked at fewer landmarks in women without low back or pelvic pain (p < 0.0001). The average sum of pain intensity scores was about 4 times higher in women with CPP (1.3) as compared with those without low back or pelvic pain (0.3), p < 0. 0001. This association remained when adjusting for the age difference between the pain groups in linear regression analysis. In addition, reported pain intensity at worst past week was independently associated with sum of pain intensity scores. The maximum individual sum of pain intensity scores among women without CPP was exceeded by that of 85% of the women with CPP. Conclusions: Parous women with CPP after childbirth had a heightened pain intensity over 13 anatomical landmarks during pelvic examination compared with parous women without CPP. These results need to be confirmed in a larger cohort with different types of CPP.
Background
Chronic pelvic pain (CPP) is a significant problem for both General Practitioners and Gynecologists. Chronic pelvic pain affects 15-24% of women and can have a devastating impact on quality of life. The pain syndrome is costly for both the individual and health service providers [1, 2] . Diagnosis and localization of pelvic pain symptoms to specific pain generators are a challenge made difficult possibly due to the convergence of afferent input from both somatic (including scleral) and visceral tissues in central representations of the peripheral nervous system [3] .
Given the large burden for the individual and society, mechanism-based treatment is desirable. With this perspective, laparoscopy is often used in the investigation of women with chronic pelvic pain with the focus on finding visible gynecologic pathology suitable for medical or surgical intervention, such as endometriosis or other visceral disease [4] . However, if there is no visible pathology, as is the case in one third of laparoscopies due to chronic pelvic pain, or if pathology is present and treatment only partially effective or ineffective the women may be dismissed without consideration of further investigation or alternative treatment [5] [6] [7] .
Also, improvement in diagnosis is an important objective because treatment strategies for pain arising from ligaments, joints, periosteum or myofascial structures differ from treatment strategies for, for example, endometriosis. Provocation tests can be used to diagnose chronic pelvic pain due to sacroiliac joint dysfunction but specificity has been questioned and extra-articular sources of pain have been suggested [8] [9] [10] [11] [12] [13] [14] [15] . Pelvic floor muscles have been examined by vaginal palpation and found to be more sensitive to stretch in women with chronic pelvic pain than in healthy women [16] [17] [18] . Also, there is a correlation between provocation tests and myofascial structures as pain generators [19, 20] . However, the contribution of skeletal and ligamentous tissues to chronic pelvic pain remains to be further elucidated.
The aim of this study was to compare the intensity of pain provoked from anatomical landmarks of the intrapelvic side-wall and to test its discrimination property between women with chronic pelvic pain after childbirth and women without low back and pelvic pain. The hypothesis was that the pain intensity provoked on intrapelvic side-wall sites differed between the groups of women with and without chronic pelvic pain.
Methods
This was a descriptive study with 36 non-randomly selected parous women with chronic pelvic pain after childbirth and 29 non-randomly selected parous women without low back or pelvic pain. The primary outcome measure was reported pain intensity provoked on anatomical landmarks of the intra-pelvic side-wall.
Thirty-six women, out of 36 requested, with chronic pelvic pain after childbirth were selected from a physiotherapy department waiting list and by advertisements in newspapers. This group has been described in detail elsewhere [21] . The inclusion criteria were: 1) reporting persistent pregnancy-related sacral pain for at least six months after childbirth, 2) pain intensity of at least 30 mm on a visual analogue scale where 0 mm is no pain and 100 mm is worst possible pain, 3) having one of Menell's, Patrick's or Posterior Pelvic Pain Provocation (P4) test positive, 4) having provoked ipsilateral pain at the ischial spine on vaginal palpation and 5) ability to understand Swedish. Exclusion criteria were: 1) reporting persistent low back or pelvic pain beginning before pregnancy, 2) previous back or pelvic surgery and 3) signs of neurological deficits (positive straight leg raising test or loss of a tendon reflex in a lower extremity).
In order to select a group of parous women without reported pain and no pain provoked by examination of the low back or pelvis externally, 44 women were consecutively selected after written informed consent. The source was women from the routine gynecologic control to which all women between 24 and 60 years of age are regularly invited for pap-smear tests. The site was a midwifery surgery in the Primary Health Care Centre in Sundsvall, Sweden. The women selected indicated any ongoing pain on a pain drawing and a physiotherapist (A.L.) performed an external physical examination of the low back and pelvis on all the 44 women. With this information the physiotherapist allocated 15 women to a group with ongoing pain in the low back or pelvis and 29 women to a group without such pain. All 44 women subsequently underwent a pain intensity provocation of anatomical landmarks of the intra-pelvic side-wall, as described later, by a physician (P.K.) blinded as to the allocation group. Finally, the 29 women in the no pain group were included in the study.
The physiotherapist's evaluation before allocation included information collected from a questionnaire and from the external physical examination of the low back and pelvis. The questionnaire included a pain drawing of the body where the women indicated any pain location and these were subsequently coded according to Fig. 1 . The number of pain locations was then summed. In addition, the questionnaire included information about the time of onset of ongoing low back or pelvic pain, number of previous pregnancies and deliveries, date of latest delivery, smoking habits at present (no/yes), level of education (≤12 years/> 12 years) and previous back or pelvic surgery. The women were also requested to report pain intensity at present and worst pain during the past week using a visual analogue scale, which ranged from 0 (no pain) to 100 mm (worst possible pain) [22] . They also completed the Disability Rating Index questionnaire, an instrument for self-reported physical function (0-100 mm) where lower values represent higher function [23] . The physical examination of the low back included pain provocation tests of maximum flexion/ extension while standing, which were considered positive if pain was elicited anywhere throughout the range of movement. Also included was palpation of the paravertebral region of the low back and iliolumbar ligament, bilaterally, which were considered positive if pain was elicited with moderate pressure. The pain provocation tests on the pelvis were Menell's, Patrick's and Posterior Pelvic Pain Provocation, which were performed in the supine position and considered positive if an aggravated ipsilateral sacral (buttocks included) pain was elicited; otherwise negative [24, 25] . In addition, Achilles and patellar tendon reflexes were assessed and passive straight leg raising was tested in each leg with the women in the supine position and was considered positive if neurological symptoms occurred or radiating pain was provoked [26] . To be allocated to the low back or pelvic pain group the inclusion criteria were: reported pain in the areas 3, 4, 7, 8 or 9 (according to Fig. 1 ), any low back or pelvic pain provocation test positive or positive neurologic tests. Otherwise the women were allocated to the no pain group.
Pain intensity provocation of anatomical landmarks of the intra-pelvic side-wall
All women enrolled in the study were examined by pain intensity provocation of the intra-pelvic side-wall. The pain intensity provocation was performed by light manual pressure on each of 13 predetermined anatomical landmarks of the intra-pelvic side-wall by vaginal palpation with the women in the supine lithotomy position without stirrups. The light manual pressure corresponded to the pressure that produced blanching of the nail bed. The women were asked to report the perceived pain intensity on each of the landmarks on a Likert scale: 0) no pain, 1) moderate pain and 2) intensive pain. An individual sum score of pain intensity elicited on all 13 anatomical landmarks was calculated (range 0 to 26). The landmarks represented possible pain sources of anatomically distinct ligamentous or skeletal structures of the pelvic side-wall. The chosen anatomical landmarks were: the coccyx, the lateral part of sacrum at the insertion of the sacrospinous ligament, the middle part of the sacrospinous ligament, the insertion of the sacrospinous ligament at the ischial spine, the ischium inferior to the ilio-ischial fusion and the lateral and medial part of the pubic bone, Fig. 2 . Except the coccyx, the landmarks were examined bilaterally and in the same order. A physiotherapist (T.T.) aided in the recording of the provoked pain intensity.
Statistical analysis
Summary statistics were computed using standard methods and presented as means and standard deviations. For the simple and multiple linear regression analyses the scale assigned for categorization of ordinal factors used in the model was no chronic pelvic pain/ 2 Anatomical landmarks of the intra-pelvic side-wall: 1) os coccyx, 2 and 8) os sacrum laterally, 3 and 9) sacrospinous ligament, 4 and 10) ischial spine, 5 and 11) os ischium inferior to the ilio-ischial fusion, 6 and 12) os pubis laterally and 7 and 13) os pubis medially chronic pelvic pain. No missing value imputation was performed. Only two-tailed tests were used. A value of p < 0.05 was regarded as significant. Very low p-values were indicated as < 0.0001. Statistical analysis was performed using the SAS program package version 9.3 (SAS Institute, Cary, NC).
Results
Women with chronic pelvic pain were older than women with no low back or pelvic pain, but no differences regarding number of previous pregnancies and deliveries, proportion of smokers and education > 12 years, Table 1 . All pain and disability reports were higher in those with chronic pelvic pain as compared with those without.
Provoked pain intensity scores on the 13 anatomical landmarks of the intra-pelvic side-wall are shown in Table 2 . All scores of pain intensity were higher among women with chronic pelvic pain as compared with women without low back and pelvic pain (p < 0.0001). In women with chronic pelvic pain, the anatomical landmark with the highest provoked pain intensity was the ischial spine, with a mean score of 1.7 (s.d. 0.4), from which the pain intensity successively decreased in both directions further away from the ischial spine (p < 0.0001). A similar trend of the provoked pain intensity between the anatomical landmarks was shown among women without low back or pelvic pain (0.002 < p < 0.17).
The mean sum of pain intensity scores provoked on all 13 intra-pelvic landmarks was 17.4 (s.d. 5.0) in women with chronic pelvic pain and 4.1 (s.d. 3.4) in women without low back or pelvic pain (p < 0.0001). The average score of all thirteen landmarks was 4.3 times higher in women with chronic pelvic pain as compared with those without low back or pelvic pain (p < 0.0001). The distribution of the sum of pain intensity scores among women with chronic pelvic pain and women without low back and pelvic pain are shown in Fig. 2b .
Provoked pain intensity scores on the 13 anatomical landmarks except the ischial spines displayed similar differences between the groups: the mean sum was 14.7 (s.d. 4.7) in women with chronic pelvic pain and 3.6 (s.d. 2.7) in women without low back or pelvic pain (p < 0.0001).
The sum of pain intensity scores among women with chronic pelvic pain was correlated with the reported pain during the past week (r = 0.39, p = 0.02) but not with age, number of previous pregnancies, number of previous deliveries, cigarette smoking, education level, pain intensity at present, number of pain locations or disability rating index. Among women without chronic pelvic pain no associations were displayed.
The cumulative proportion of the sums of pain intensity scores provoked on all the 13 anatomical landmarks of the intra-pelvic side-wall across women with chronic pelvic pain and women without low back or pelvic pain is displayed in Fig. 3 . The minimum and maximum of the sum score among women with chronic pelvic pain were 4 and 26 respectively and in women without low back or pelvic pain, 0 and 13. The highest score of 13 for women without low back or pelvic pain was exceeded by 85% of the women with chronic pelvic pain.
To investigate the impact of age for the sum of pain intensity scores among women with or without pelvic pain linear regression analysis was used, Table 3 . Age was inversely associated with the sum score in the crude analysis, but did not remain significant when age or pain intensity at worst past week were introduced in the analyses. In the full model both pain group and pain intensity at worst past week were significantly associated with the sum score, with an R 2 of 0.73.
Discussion
Parous women with CPP after childbirth have a heightened pain intensity over 13 anatomical landmarks during pelvic examination compared with parous women without CPP. This suggests that pain provocation by The p-value refers to the difference between the groups stimulation of intra-pelvic landmarks can be valuable in the clinical setting to discriminate women with chronic pelvic pain after childbirth from those without and to identify a subgroup of women with chronic pelvic pain. This conclusion is further strengthened by the association between the provoked pain intensity and levels of reported worst pain past week when adjusted for age in a multiple regression analysis. The fact that the highest pain intensities were provoked on the ischial spines and os ischium regions, as compared to the other intrapelvic structures, indicates that these structures to some extent are an important source of chronic pelvic pain and further investigation is needed to clarify what pathology might explain this.
To the best of our knowledge, no previous study has included the intra-pelvic landmarks used in the present study as a means of evaluating women with chronic pelvic pain. However, in pregnant women, intra-pelvic pain provocation by stimulation of the sacrospinous ligament was one in a combination of tests that best discriminated women with pelvic pain from those without with increased positivity with increased reported pain intensity, in a previous study [27] .
Highly prevalent pelvic floor muscle tenderness has been demonstrated in women with chronic pelvic pain, with a lower pain detection threshold as compared with controls [16, 18, 28] . Significant differences of total pelvic floor tenderness were reported between the groups, in those studies, although the sum of scores was generally low [19, 28] . In the present study, the range of sum of scores was wider and from 0 to nearly a maximum score. This supports the use of this method to discriminate those with chronic pelvic pain from those without. Fig. 3 Cumulative proportion of the individual sum of provoked pain intensity scores of 13 anatomical landmarks of the intra-pelvic side-wall among women with pregnancy related chronic pelvic pain (n = 36) and women without low back or pelvic pain (n = 29) Table 2 Score of pain intensity (graded 0-1-2) provoked on 13 anatomical landmarks of the intra-pelvic side-wall, among women with pregnancy related chronic pelvic pain (CPP) after childbirth and those without low back or pelvic pain (No CPP). The average score of the symmetric landmarks and os coccyx and the average and sum scores of all 13 landmarks are presented as means (s. The p-value refers to the difference between the women with and without CPP
A methodological strength of this study was the blinding procedure in the selection of women without low back or pelvic pain. The examination method used was safe and did not give either of the groups any adverse effects, immediately or delayed. The study has several limitations. One was the non-random selection of study populations which resulted in different mean age between the women of the two groups. However, the association between sum of pain intensity scores and groups remained when adjustment by age was used in the regression analysis. In addition, in a systematic review no association between age and chronic pelvic pain was shown [29] . Lack of information about the presence of co-morbidities that might be involved in the pain mechanism is another limitation. Gynecologic and other visceral causes of pelvic pain should have been excluded although serious illness and visceral pathology were not obvious. A validated pressure algometer device designed for intravaginal examination has been described and successfully used on pelvic floor muscles [18] . By use of such a device the precision in our study could have increased.
In this study, the provoked pain intensity on the different intra-pelvic landmarks was highly correlated with the highest pain intensity reported with pressure on the ischial spine and on the ischium inferior to the ilioischial fusion. Despite that provoked pain at the ischial spine was an inclusion criteria, this pattern might be a reflection of the development of the pain, such as the pain might have started in the area of the ischial spines and subsequently has spread out around the pelvic ring. Plausible mechanisms to such a scenario might be biomechanical [30] , central sensitization [31] , referred pain [32] , nerve fiber proliferation or denervation caused by injuries to myofascial pelvic supports succeeded by reinnervation or a combination of these mechanisms [33] . Anecdotally, during the study process, the women frequently reported that the pain provoked by the examination was similar to their chronic pain. This has to be confirmed in future research but could possibly be used in clinical practice to reassure women that this examination indicated a possible source of their enigmatic pain that was not related to visceral pathology.
Conclusions
Pain provocation by stimulation of anatomical landmarks of the intra-pelvic side-wall could be valuable in a clinical setting to discriminate parous women with pregnancyrelated chronic pelvic pain after childbirth from parous women without such pain and to identify a subgroup of parous women with chronic pelvic pain attributable to non-visceral sources. These results need to be confirmed in a larger cohort with different types of chronic pelvic pain and also in subjects with low back pain. 
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